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In this paper, we propose a new model in Lie-N-algebra that removes the big bang singularity
and produces the world with all it’s objects and dimensions from nothing. We name this theory as
G-theory. In this model, first, two types of energies with opposite signs are produced from nothing
such as the sum over them be zero. They create two types of branes with opposite quantum numbers
which interact with each other by exchanging bosonic tensor fields like the graviton and compact.
By compacting branes, fermionic tensor fields are emerged which some of them play the role of the
gravitino. Also, some dimensions take extra ”i” factors, their properties become different and they
behave like time dimensions. Gravitons and gravitinoes create two types of wormholes which lead
to the oscillation of branes between expansion and contracting branches. These wormholes produce
a repulsive gravity in compacted branes and cause that their particles get away from each other
and expansion branch begin. Also, they create an attractive gravity in opening branes and lead
to closing their particles and starting the contraction epoch. Our universe is born on one of these
branes and oscillates between contraction and expansion branch.
PACS numbers: 98.80.-k, 04.50.Gh, 11.25.Yb, 98.80.Qc
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I. INTRODUCTION
One of the main puzzles in cosmology is the Big Bang singularity and the events that occur before it and lead to
the concentration of infinite amounts of energy at one point. Until now, some models have been proposed to get rid
of the big-bang singularity in string theory and M-theory. These theories are more general respect to usual theories
and can solve many puzzles in cosmology. There are various versions of these theories, for example, type IIA, type
IIB, type I, heterotic (SO(32)) and E8×E8 that each of them may describe some parts of phenomenological events in
cosmology, QCD and other fields of physics [1]. These theories argued about ten dimensional space-time, however the
maximum dimension allowed by supersymmetry of the elementary particles is eleven. In 1987, it has been asserted
that the Type IIA string may be the limiting case of the eleven-dimensional supermem- brane [2] and in 1994, it was
discussed that the spectrum of states that are created by compactifying the membrane theory from eleven dimensions
to four are the same of those that derived by compactifying the Type IIA string from ten dimensions to four [3, 4]. In
1995, Edward Witten has suggested a new theory, named M-theory whose low energy effective field theory description
is 11-dimensional supergravity [5]. This theory may be transformed to various string theories by compactification
and then by various string dualities. However, the algebra that should be used for M2-branes was puzzle. Less than
ten years ago, some authors proposed a formalism for M2-branes and argued that for defining the action with N = 8
supersymmetry (which is an accepted supersymmetry in eleven dimensions), the Lie-3-algebra is helpful [6–9]. They
introduced two form gauge fields, spinors and scalars in M-theory by applying this algebra and calculated the relations
between them.
In models which remove the big bang in M-theory, reverse to usual models in cosmology [10], first, there aren’t any
gauge field and fermion and the world only consists of the scalar fields that are linked to zero dimensional objects,
named M0-branes [11–14]. Then, the M0-branes join to each other and build a system of M1 and anti-M1-branes
connected by a wormhole which is known as an M1-BIon [13]. When the M0-branes link to each other symmetrically,
gauge fields are created and by joining M0-branes anti-symmetrically, such as the upper and lower of M1-branes are
different, fermions are born [12]. By linking M1-BIons to each other, M3-BIons are built, which each of them includes
an M3, an anti-M3-brane and a wormhole that is a bridge between them [15–17]. Our universe is constructed on
one of these M3-branes and by opening them, expands [12]. However, M-theory can’t create the phenomenological
events in four dimensional universe. Because, only two stable objects, M2 and M5 are existed in this theory and the
life-time of M3-brane which our universe is placed on it, is ignorable. On the other hand, properties of stable branes
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2( M2 and M5) are different from our universe and we can’t apply these objects for constructing the present universe.
In additional, the origin of bosonic and fermionic fields and totally the supersymmetry is unclear in this theory.
To solve these puzzles, we have to build one bigger theory which removes the big bang singularity and considers the
process of creation of all things from nothings. To construct this theory, we extend dimensions of algebra from two
and three in string theory and M-theory to N and number of time-spacial dimension from 10 and 11 in these theories
to M. We assume that at the biginning, there doesn’t exist any energy, field and branes. Then, two positive and
negative energies are created such as the sum over was zero. These energies produce M dimensions and two branes
with opposite quantum numbers and some bosonic tensor fields. These fields which their rank changes from zero to
dimension of branes, interact with each other and lead to compacting of branes. During this compacting, some extra i’s
have been added to some dimensions and give the properties of time to them. Also, by compacting branes, fermionic
superpartners of bosonic fields are born and supersymmetry emerges. Bosonic fields produce bosonic wormholes
which by creation of attractive force, prevent from expansion of branes. Fermions create fermionic wormholes which
by production repulsive force, prevent from contraction of branes. Thus, branes oscillate between contraction and
expansion branches.
In section II, we will consider the process of formation of branes and the emergence of supersymmetry and super-
gravity in G-theory. In section III, we will construct BIon and obtain the scale factor of universe and parameters of
wormhole in terms of time. In section IV, we will consider the origin of Horava-Witten mechanism in G-theory. The
last section is devoted to a summary and conclusion.
The units used throughout the paper are: ~ = c = 8piG = 1.
II. EMERGENCE OF THE SUPERSYMMETRY AND THE SUPERGRAVITY IN G-THEORY
Previously, it has been shown that all Dp-branes in string theories are built from D0-branes which obey from
Lie-two-algebra with two dimensional brackets [11, 18–21]. Also, all Mp-branes in M-theory are constructed from
M0-branes which obey from Lie-three-algebra with three dimensional brackets [6–9]. Now, by using lie-N-algebra and
generalizing dimensions to M, we construct a new theory which includes all properties of string theory and M-theory
and resolve puzzles in them. To show this, we begin of the action for Dp-brane [18–21]:
S = −TDp
2
∫
dp+1x
p∑
n=1
βnχ
µ0
[µ0
χµ1µ1 ...χ
µn
µn]
(1)
χµν ≡ δµνSTr
(
− det(Pab[EmnEmi(Q−1 + δ)ijEjn] + λFab)det(Qij)
)1/2
(2)
where
Emn = Gmn +Bmn, Q
i
j = δ
i
j + iλ[X
j , Xk]Ekj (3)
λ = 2pil2s , Gab = ηab + ∂aX
i∂bX
i and Xi are scalar strings that link to branes. In this equation, a, b = 0, 1, ..., p
are the world-volume indices of the Dp-branes, i, j, k = p + 1, ..., 9 are the indices of the transverse space, and m,n
are related to ten-dimensional spacetime indices. Also, TDp =
1
gs(2pi)pl
p+1
s
refers the tension of Dp-brane, ls is the
string length and gs refers to the string coupling. Now, we can show that the acion of Dp-brane can be constructed
by summing over actions of D0-branes. To this end, we use of the below rules [11, 13, 18–21]:
Σpa=0Σ
9
m=0 →
1
(2pils)p
∫
dp+1σΣ9m=p+1Σ
p
a=0 λ = 2pil
2
s
i, j = p+ 1, .., 9 a, b = 0, 1, ...p m, n = 0, 1, .., 9
i, j → a, b⇒ [Xa, Xi] = iλ∂aXi [Xa, Xb] = iλF
ab
2
1
Q
→
p∑
n=1
1
Q
(∂aX
i∂bX
i +
λ2
4
(F ab)2)n
det(Qij)→ det(Qij)
p∏
n=1
det(∂anX
i∂bnX
i +
λ2
4
(F anbn)2) (4)
3Now, we can show that the action of Dp-branes can be written in terms of two dimensional brackets [11, 13, 18–21]:
SDp = −(TD0)p
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
(L)ba = Tr
(
Σpa,b=0Σ
9
j=p+1([X
a, Xj ][Xb, Xj ] + [X
a, Xb][Xb, Xa] + [X
i, Xj ][Xi, Xj ])
)
(5)
where we have used of the antisymmetric properties for δ. At this stage, we can show that above action is built by
summing over actions of D0-branes by using the below definition for D0-brane [18–23]:
SD0 = −TD0
∫
dtTr(Σ9m=0[X
m, Xn]2) (6)
which by applying [X0, Xn] = ∂tX
n[11–14] transforms to :
SD0 = TD0
∫
dtTr(Σ9m,n=0∂tX
n∂tX
m + ...) (7)
which is an approximation of following action:
SD0 = TD0
∫
dtTr(
√
1 + ∂tXn∂tXm + ..) (8)
This action includes only derivatives respect to time which is only dimension of this brane.
Replacing two dimensional brackets in Lie-two-algebra by three dimensional brackets in Lie-three-algebra, we obtain
the action of M0-branes[6–9, 11–18]:
SM0 = TM0
∫
dtTr(Σ10M,N,L=0〈[XM , XN , XL], [XM , XN , XL]〉) (9)
where XM = XMα T
α and
[Tα, T β , T γ ] = fαβγη T
η
〈Tα, T β〉 = hαβ
[XM , XN , XL] = [XMα T
α, XNβ T
β , XLγ T
γ ]
〈XM , XM 〉 = XMα XMβ 〈Tα, T β〉 (10)
where XM (i=1,3,...10) are scalar strings which are linked to M0-brane. Using 〈[Xj , X0, Xi], [Xj , X0, Xi]〉 =
(Xjεi0j∂tX
i)2 [11–14], the action transforms to :
SM0 = TM0
∫
dtTr(Σ10i,j=0(X
jεi0j∂tX
i)2 + ...) (11)
which is an approximation of following action:
SM0 = TM0
∫
dtTr(
√
1 + (Xjεi0j∂tXi)(Xkεi0j∂tX l) + ..) (12)
This action also includes only derivatives respect to time which is only dimension of this brane in 11 dimensions.
By substituting N-dimensional brackets instead of three dimensional brackets in action of (11), we obtain the action
of G0-brane in G-theory as:
SG0 = TG0
∫
dtTr(ΣML1=L2..LN=0〈[XL1 , XL2 , ...XLN ], [XL1 , XL2 , ...XLN ]〉) (13)
4where XM = XMα T
α and
[Tα1 , Tα2 ..TαN ] = fα1..αNαL T
L
〈Tα, T β〉 = hαβ
[XL1 , XL2 , ...XLN ] = [XL1α1 T
α1 , XL2α2 T
α2 , ...XLNαN T
αN ]
〈XM , XM 〉 = XMα XMβ 〈Tα, T β〉 (14)
Above action may transit to the action of M0-branes by puting N=3 and M=10 and also to the action of D0-brane
for N=2 and M=9. Now, the question arises that what is the origin of this brane in G-theory? To answer this
question, we suppose that first, two energies with opposite signs are produced such as the sum over them be zero.
Then, these energies create 2M degrees of freedom which each two of them cause to creation of new dimension. After
that, M-N of degrees of freedom are hiden by compacting half of M-N dimensions on a circle to create Lie-N-algebra.
During this process, the behaviour of some dimensions changes and they form times. Also, for second energy, the
properties of more dimensions change which lead to the emergence of more time coordinates. Thus, physics of branes
is completely different from anti-branes.
Let us to begin with two oscillating energies which are created from nothing and expanded in Mth dimension. We
obtain:
E ≡ 0 ≡ E1 + E2 ≡ 0 ≡ N1 +N2 ≡ k((XM )2 − (XM )2) = k
∫
d2x(
∂
∂x
)2((XM )2 − (XM )2) (15)
where N1/2 are the number of degrees of freedom for first and second energies. These energies are oscillating,
excited and produce M dimensions with 2M degrees of freedom. Each degree of freedom produces an integral and a
derivative
∫
d2x( ∂∂x )
2F = F such as the initial results don’t change and the sum over energies becomes zero again.
This can be shown clearly by rewriting equation (15)as follows:
E ≡ 0 ≡ k
∫
d2Mxεi1i2...iM εi1i2...iM (
∂
∂xi1
∂
∂xi2
..
∂
∂xiM−1
)2(XM )2 −
k
∫
d2Mxεi1i2...iM εi1i2...iM (
∂
∂xi1
∂
∂xi2
..
∂
∂xiM−1
)2(XM )2 (16)
where, we apply the difinition εi1i2...iM εi1i2...iM = −1. We can substitute some brackets instead of derivatives and
write [6–9, 11–15]:
∂
∂xi1
XM = [Xi1 , X14]
∂
∂xi1
∂
∂xi2
XM = [Xi1 , Xi2 , XM ]
(
∂
∂xi1
∂
∂xi2
..
∂
∂xiM−1
)(XM ) = [Xi1 , Xi2 , ..., XiM−1 , XM ]
εi1i2...iM εi1i2...iM (
∂
∂xi1
∂
∂xi2
..
∂
∂xiM−1
)2(XM )2 =
εi1i2...iM εi
′
1i
′
2...i
′
M [(
∂
∂xi1
∂
∂xi2
..
∂
∂xiM−1
)(XM )][(
∂
∂xi′1
∂
∂xi′2
..
∂
∂xi′M−1
)(XM )] =
〈[Xi1 , Xi2 , ..., XiM ], [Xi1 , Xi2 , ..., XiM ]〉 (17)
Applying the relations of equation (17) in equation (16), we get:
E ≡ 0 ≡ E1 + E2 ≡
E1 = k
∫
d2Mx〈[Xi1 , Xi2 , ..., XiM ], [Xi1 , Xi2 , ..., XiM ]〉
E2 = −k
∫
d2Mx〈[Xi1 , Xi2 , ..., XiM ], [Xi1 , Xi2 , ..., XiM ]〉 (18)
5The shape of above energies is similar to the shape of action of Gp-branes, however their algebra has M dimensional
bracket, while G0-brane has N dimensional bracket and for producing this algebra, we should remove M-N of degrees
of freedom by compacting. To achieve this aim, we apply the mechanism in [9] and replace Xin=1,3,5..M−N = iT
in R
l
1/2
P
where lP is the Planck length and ((T
in)2 = 1). We derive the below action for first energy:
E1 ≡ k
∫
d2Mx〈[Xi1 , Xi2 , ..., XiM ], [Xi1 , Xi2 , ..., XiM ]〉 =
k
∫
d2Mxεi1i2...iM εi
′
1i
′
2...i
′
MXi1Xi2 ...XiMXi′1Xi′2 ...Xi′M =
(i)2(M−N)k
∫
dNx(
RM−N
l
(M−N)/2
P
)εj1...jN εj
′
1...j
′
NXj1 ...XjNXj′1 ...Xj′N =
(i)2(M−N)k
∫
dNx(
RM−N
l
(M−N)/2
P
)〈[Xj1 , Xj2 , ..., XjN ], [Xj1 , Xj2 , ..., XjN ]〉 =
k
∫
dNx(
RM−N
l
(M−N)/2
P
)〈[iXj1 , iXj2 , ..., iXjM−N .., XjN ], [iXj1 , Xj2 , .., ..., iXjM−N ., XjN ]〉 (19)
where we have defined ε1i2...iM ε1i
′
2...i
′
M = (−i)N−Mεj1...jN εj′1...j′N . Some scalar strings take one extra (i) and expands
in time directions. Obviously, in G-theory, there exists M-N time coordinates where M is dimension of world and N is
dimension of algebra. The reason that we only observe one dimension is our living in four dimensional universe and
observing three dimensional brackets of M-theory. For this reason, for us, M=4 and n=3 and thus we have only one
time dimension. For second energy which it’s sign is opposite to first energy, we have some extra time dimensions:
E2 = −E1 = (i)2E1 =
k
∫
dNx(
RM−N
l
(M−N)/2
P
)〈[iXj1 , iXj2 , ..., iXjM−N+1 .., XjN ], [iXj1 , Xj2 , .., ..., iXjM−N+1 ., XjN ]〉 (20)
Thus, properties of anti-branes branes which are created by this energy is different and we have more time di-
mensions. For example, in one four dimensional anti-universe, there exists two time coordinates and all things are
changed. In our universe, length of one object can be defined by l2 = −t2 + x21 + x22 + x23 where t is time and x1
are coordinates of space. While, in anti-universe, length is obtained by l˜2 = −t21 − x21 + x22 + x23. Also, energy and
momentums which is related to the mass with this equation for our universe (m2 = −E2 + P 21 + P 22 + P 23 ), has this
relation (m2 = −E2 − P 21 + P 22 + P 23 ) for anti-universe.
Until now, we have considered only symmetrical compacting, however maybe, during this process, the symmetry of
system is broken and only upper or lower part of one dimension is compactified and fermions are emerged(X → ψUψL
) [12, 13]. To include non-symmetrical compacting, we use the mechanism in [9], and compactify Mth dimension of
branes on a circle with radius R by choosing < XM >= i R
l
1/2
p
TM for boson and < ψL,M >= iR
1/2
l
1/4
p
TL,M for fermions
in action of (19). Generators of algebra for bosons and fermions have a direct relation with each other (((T in)2 = 1)
and TL,MTR,M = TM ). We get:
E1 ≡ k
∫
dNx(
RM−N
l
(M−N)/2
P
)
(
〈[iXj1 , iXj2 , ..., iXjM−N .., XjN ], [iXj1 , Xj2 , .., ..., iXjM−N ., XjN ]〉
−i( R
M−N
l
(M−N)/2
P
)〈[iXj1 , iXj2 , ..., iXjM−N ..Tjm′ ., ψR,jN ], [iXj1 , iXj2 , ..., iXjM−N ..Tjm′ ., ψR,jN ]〉))
)
(21)
By choosing γjm = Tjm
R2
lp
where γL1 ’s are the pauli matrices in M dimensions, we obtain the action of initial energy
as follows:
E1 ≡ k
∫
dNx(
RM−N
l
(M−N)/2
P
)
(
〈[iXj1 , iXj2 , ..., iXjM−N .., XjN ], [iXj1 , Xj2 , .., ..., iXjM−N ., XjN ]〉
−i〈[iXj1 , iXj2 , ..., iXjM−N ..γjm′ ., ψR,jN ], [iXj1 , iXj2 , ..., iXjM−N ..γjm′ ., ψR,jN ]〉)
)
(22)
6This action includes both fermionic and bosonic degrees of freedom and supersymmetry emerges. If we assume
that for an object with one time dimension, all scalars depend only on one time coordinates and (R = l
1/2
P ) [9] , we
achieve to action of G0-branes:
SG0 ≡ kVN−1
∫
dt
(
〈[iXj1 , iXj2 , ..., iXjM−N .., XjN ], [iXj1 , Xj2 , .., ..., iXjM−N ., XjN ]〉
−i〈[iXj1 , iXj2 , ..., iXjM−N ..γjm′ ., ψR,jN ], [iXj1 , iXj2 , ..., iXjM−N ..γjm′ ., ψR,jN ]〉)
)
(23)
where VN−1 is the volum of space which is formed by remaining coordinates. Also, by adding one negative sign
and using equation (20), we obtain the action of anti-G0-brane:
SAnti−G0 ≡ kVN−1
∫
dt
(
〈[iXj1 , iXj2 , ..., iXjM−N+1 .., XjN ], [iXj1 , Xj2 , .., ..., iXjM−N+1 ., XjN ]〉
−i〈[iXj1 , iXj2 , ..., iXjM−N+1 ..γjm′ ., ψR,jN ], [iXj1 , iXj2 , ..., iXjM−N+1 ..γjm′ ., ψR,jN ]〉)
)
(24)
These actions for G0-brane and G0-anti-brane contain both bosonic and fermionic fields which are created as due
to symmetrical or non-symmetrical compacting of dimensions. Also, time which is a puzzle in cosmology is produced
by compacting. Thus, we conclude that all fields have the same origin and begin from nothing. Then, by different
compactification, different shapes of matters emerge.
By substituting N-dimensional brackets in equations (23) and (24) instead of two dimensional brackets and increasing
dimensions from 10 to M in action (5), we can obtain the action of Gp-brane and anti-Gp-brane:
SGp = −(TG0)p
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
(L)anbn = δ
an
bn
Tr
(
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(
i2(p−N)〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , XjH ], 〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , XjH ]〉) +
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(〈[Xj1 , ..XjH , Xa1 , ..XaL ], [Xj1 , ..XjH , Xa1 , ..XaL ]〉)−
i2(p−N)+1〈[γj1 , ..XjH−1 , Xa1 , ..XaL , ψR,jH ], 〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , ψR,jH ]〉)−
i2(p−N)+1〈[γj1 , ..XjH , Xa1 , ..XaL−1, ψR,aL ], 〈[Xj1 , ..XjH , Xa1 , ..XaL−1, ψR,aL ]〉)
)
(25)
SAnti−Gp = −(TAnti−G0)p
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
(L)anbn = δ
an
bn
Tr
(
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(
i2(p−N+1)〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , XjH ], 〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , XjH ]〉) +
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(〈[Xj1 , ..XjH , Xa1 , ..XaL ], [Xj1 , ..XjH , Xa1 , ..XaL ]〉)−
i2(p−N+1)+1〈[γj1 , ..XjH−1 , Xa1 , ..XaL , ψR,jH ], 〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , ψR,jH ]〉)−
i2(p−N+1)+1〈[γj1 , ..XjH , Xa1 , ..XaL−1, ψR,aL ], 〈[Xj1 , ..XjH , Xa1 , ..XaL−1, ψR,aL ]〉)
)
(26)
To write actions in terms of gauge fields and derivatives respect to fields, we have to use of some laws. Previously,
some rules have been discussed in [8, 11–14] for Lie-three-algebra. These laws have some origins in topology inaddi-
tional to mathematical methodes and M-theory. In these brackets, ”X” is the scalar string. When, in one bracket,
there is only one indice related to brane and before other indices which are related to transverse directions respect
to brane, it means that one string has been glued from one end to brane and we can write one derivate of string
respect to coordinates of brane. When, one bracket includes two indices of branes after indices of transverse directions
respect to brane, two ends of string has been attached and some gauge fields like photons are appeared. The place
of indices is also important. For example, if two indices of branes be before one indice of transverse direction, two
derivatives are appeared for strings. Also, if two or more indices of branes be as the last indices of bracket, tensor
7fields are emerged that their rank is equal to number of indices. Extending the rules in equation (4) for M-theory to
N-dimensional brackets in G-theory, we can obtain following laws [6–9, 11–14, 19–21]:
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , XjH ], 〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , XjH ]〉 =
1
2
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1〈[Xj1 , ..XjH , Xa1 , ..XaL ], [Xj1 , ..XjH , Xa1 , ..XaL ]〉 =
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈F a1..aL , F a1..aL〉
Fa1..an = ∂[a1Aa2..an] = ∂a1Aa2..an − ∂a2Aa1..an + ..
Σm → 1
(2pi)p
∫
dp+1σΣm−p−1i, j = p+ 1, ..,M a, b = 0, 1, ...p m, n = 0, ..,M
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1〈[γj1 , ..XjH−1 , Xa1 , ..XaL , ψjH ], 〈[Xj1 , ..XjH−1 , Xa1 , ..XaL , ψjH ]〉 =
1
2
iΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉
ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1〈[γj1 , ..XjH−1 , Xa1 , ..XaL−1, ψaL ], 〈[Xj1 , ..XjH , Xa1 , ..XaL−1, ψaL ]〉 =
iΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2γaL−1〈F¯ a1..aL−1 , F¯ a1..aL〉
F¯a1..an = ∂[a1A¯a2..an] = ∂a1A¯a2..an − ∂a2A¯a1..an + ..
Σm → 1
(2pi)p
∫
dp+1σΣm−p−1i, j = p+ 1, ..,M a, b = 0, 1, ...p m, n = 0, ..,M (27)
Here A¯a2..an are fermionic superpartners of gauge bosons Aa2..an and ψ are the fermionic superpartner of scalar
strings X. Using rules of equation (27) in action (26 and 25 ), we derive the following action for Gp-branes:
SGp = −(TGp)
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
(L)anbn = δ
an
bn
Tr
(1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈F a1..aL , F a1..aL〉 −
1
2
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈F¯ a1..aL−1 , F¯ a1..aL〉
)
(28)
8SAnti−Gp = −(TAnti−Gp)
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
(L)anbn = δ
an
bn
Tr
(1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈Fˆ a1..aL , Fˆ a1..aL〉 −
1
2
i2(p−N+1)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N+1)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈 ˆ¯F a1..aL−1 , ˆ¯F a1..aL〉
)
(29)
These actions transit to action of Dp-brane (5) for N=2 and M=9 and action of Mp-brane for N=3 and M=10
[6–9, 11–21] . Also, it is clear that for each scalar, there is a fermion and for each bosonic gauge field with each
rank, there exists a fermionic gauge field with the same rank. This means that these actions are supersymmetric and
the number of degrees of freedom for both fermions and bosons are the same. We can show that above actions are
invariant under following transformations:
δXi = ψi
δ∂ajψ
i = iγaj∂aj∂aj+1X
i
δF a1..aL = F¯ a1..aL
δF¯ a1..aj = iγajF a1..aj+1
δFˆ a1..aL = ˆ¯F
a1..aL
δ ˆ¯F
a1..aj
= iγaj Fˆ a1..aj+1
γajγaj+1 = 0
γajγaj = 1
ψi,LXi = ψi,Lψi,Lψi,R = 0 (30)
These transformations can be obtained from the laws of compactification in [9] and usual supersymmetric transfor-
mations which have been considered in many papers. In fact, by these transformations, bosons transverse to fermions
and fermions changes to bosons. With these transformations, we have:
δSGp = −(TGp)
∫
dt
p∑
n=1
βnδL
bj
aj (L
bj
aj )
−1/2
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
= 0
δ(L)anbn = δ
an
bn
Tr
(1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
(Xj1 ..XjH−1)2〈∂a1 ..∂aLψi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
λ2
1.2...N
(Xj1 ..XjH )2〈F¯ a1..aL , F a1..aL〉 −
1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
(Xj1 ..XjH−1)2〈∂a1 ..∂aLψi, ∂a1 ..∂aLXi〉 −
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
λ2
1.2...N
(Xj1 ..XjH )2〈F¯ a1..aL , F a1..aL〉
)
= 0 (31)
δSAnti−Gp =
−(TAnti−Gp)
∫
dt
p∑
n=1
βnδL
bj
aj (L
bj
aj )
−1/2
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
= 0
9δ(L)anbn = δ
an
bn
Tr
(1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
(Xj1 ..XjH−1)2〈∂a1 ..∂aLψi, ∂a1 ..∂aLXi〉+
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
λ2
1.2...N
(Xj1 ..XjH )2〈 ˆ¯F a1..aL , Fˆ a1..aL〉 −
1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
(Xj1 ..XjH−1)2〈∂a1 ..∂aLψi, ∂a1 ..∂aLXi〉 −
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
λ2
1.2...N
(Xj1 ..XjH )2〈 ˆ¯F a1..aL , Fˆ a1..aL〉
)
= 0 (32)
Thus, actions in this theory are invariant under supersymmetric transformations completely. This means that first,
two positive and negative energies are emerged. Then, these energies produce two types of branes with bosonic
fields on them. After that by compacting branes, superpartner of bosonic fields are emerged and supersymmetry is
produced.
Now, we like to produce the supergravity in this new G-theory. For this reason, we assume that Aab has the role of
graviton and A¯ab plays the role of gravitino and other higher dimensional fields have the below relations with these
particles:
Aa′b′ → ga′b′
Fa′b′c′ = ∂[a′gb′c′] = ∂a′gb′c′ − ∂c′ga′b′ + ∂b′gc′a′ → Γa′b′c′ (33)
Aa′b′c′ → Fa′b′c′ → Γa′b′c′
R˜ca′b′c′ ≈ ∂[cAa′b′c′] + 〈Fλca′ , Fλb′c′〉 ≈ ∂[cΓa′b′c′] + Γλca′Γλb′c′ − Γλcb′Γλa′c′ (34)
Aa′b′c′c → Fa′b′c′c → R˜a′b′c′c
Fa1,a2,..an = ∂[a5 ..∂anR˜a1,a2,a3,a4] (35)
A¯a′b′ → g¯a′b′
F¯a′b′c′ = ∂[a′gb′c′] = ∂a′gb′c′ − ∂c′ga′b′ + ∂b′gc′a′ → Γa′b′c′ (36)
A¯a′b′c′ → F¯a′b′c′ → Γa′b′c′
R¯ca′b′c′ ≈ ∂[cAa′b′c′] + 〈F¯λca′ , F¯λb′c′〉 ≈ ∂[cΓa′b′c′] + Γλca′Γλb′c′ − Γλcb′Γλa′c′ (37)
A¯a′b′c′c → F¯a′b′c′c → R¯a′b′c′c
F¯a1,a2,..an = ∂[a5 ..∂anR¯a1,a2,a3,a4] (38)
where (ga′b′ and g¯a′b′) are graviton and gravitino respectively. Using equations of (33,34,35,36,37,38) in action of
(28 and 29) , we obtain the action of Gp-brane in terms of curvatures and metrics:
SGp = −(TGp)
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
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(L)anbn,brane = (L)
an
bn,bosonic,brane
+ (L)anbn,fermionic,brane
(L)anbn,bosonic,brane = δ
an
bn
Tr
(1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈∂a5 ..∂aLR˜a1,a2,a3,a4 , ∂a5 ..∂aLR˜a1,a2,a3,a4〉+ ...
)
(L)anbn,fermionic,brane = δ
an
bn
Tr
(
− 1
2
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
(Xj1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈∂a5 ..∂aL−1R¯a1,a2,a3,a4 , ∂a5 ..∂aLR¯a1,a2,a3,a4〉+ ...
)
(39)
SAnti−Gp = −(TAnti−Gp)
∫
dt
p∑
n=1
βn
(
δa1,a2...anb1b2....bn L
b1
a1 ...L
bn
an
)1/2
(L)anbn,anti−brane = (L)
an
bn,bosonic,anti−brane + (L)
an
bn,fermionic,anti−brane
(L)anbn,bosonic,anti−brane = δ
an
bn
Tr
(1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈∂a5 ..∂aL ˆ˜R
a1,a2,a3,a4
, ∂a5 ..∂aL
ˆ˜R
a1,a2,a3,a4〉+ ...
)
(L)anbn,fermionic,anti−brane = δ
an
bn
Tr
(
− 1
2
i2(p−N+1)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1 ×
(Xj1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈∂a5 ..∂aL−1 ˆ¯R
a1,a2,a3,a4
, ∂a5 ..∂aL
ˆ¯R
a1,a2,a3,a4〉+ ...
)
(40)
In above actions, there exists the high agreements between number of degrees of freedom for fermions and bosons
like the usual actions in supergravity ([24, 25]). For example, for each scalar, there exists a fermionic superpatner
and for various gravitonic terms with different orders of derivatives, variuos gravitinoic terms with the same orders of
derivatives appear. In additional, the sign of bosonic gravity is different from fermionic gravity and they may cancel
the effect of each other and produce the flat universe. On the other hand, with respect to the difference in number
of times on branes and anti-branes, different gravities may emerge which lead to difference in forces on branes and
anti-branes.
III. EMERGENCE OF THE OSCILLATING UNIVERSE AND WORMHOLES IN G-THEORY
Until now, we have obtained the shape of actions for supergravity in G-theory. Now, we show that gravitons and
gravitionoes produce two types of wormholes which prevent from complete contraction and expansion of branes and
lead to the oscillation. To this end, we use the method in ([13, 26]) and calculate the momentum densities for bosonic
part and fermionic part of Lagrangian in equations (39 and 40 ) respect to derivatives of curvature. First, we start
with derivatives of order of p-4, where p is dimension of brane and 4 denotes four indices of curvature. We get:
Πbosonic,brane,p−4 ≈
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N (X
j1 ..XjH )2∂a5 ..∂aLR˜
a1,a2,a3,a4√
(L)anbn,bosonic,brane
(41)
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Πfermionic,brane,p−4 ≈
−i2(p−N)+1ΣNL=0ΣN−LH=0 Σpa1..aL=0ΣMj1..jH=p+1 λ
2
1.2...N (X
j1 ..XjH )2∂a5 ..∂aLR¯
a1,a2,a3,a4√
(L)anbn,bosonic,brane
(42)
Πbosonic,anti−brane,p−4 ≈
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N (X
j1 ..XjH )2∂a5 ..∂aL
¯˜R
a1,a2,a3,a4√
(L)anbn,bosonic,brane
(43)
Πfermionic,anti−brane,p−4 ≈
−i2(p−N+1)+1ΣNL=0ΣN−LH=0 Σpa1..aL=0ΣMj1..jH=p+1 λ
2
1.2...N (X
j1 ..XjH )2∂a5 ..∂aL
ˆ¯R
a1,a2,a3,a4√
(L)anbn,bosonic,brane
(44)
We suppose that all coordinates are the same (x2..p = σ) and build a p dimensional sphere. The Hamiltonian for
the system of brane-anti-brane can be given by:
H1p−4 ≈ 4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂t..∂aLR˜
a1,a2,a3,a4Πbosonic,brane,p−4i2(p−N)
−4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂t..∂aLR¯
a1,a2,a3,a4Πfermionic,brane,p−4i2(p−N)+1
+4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂t..∂aL
ˆ˜R
a1,a2,a3,a4
Πbosonic,anti−brane,p−4i2(p−N+1)
−4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂t..∂aL
ˆ¯R
a1,a2,a3,a4
Πfermionic,anti−brane,p−4i2(p−N+1)+1
−L1bosonic,brane,p−4 − L1fermionic,brane,p−4
−L1bosonic,anti−brane,p−4 − L1fermionic,anti−brane,p−4 =
4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aLR˜
a1,a2,a3,a4Πbosonic,brane,p−4i2(p−N)
−4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aLR¯
a1,a2,a3,a4Πfermionic,brane,p−4i2(p−N)+1
+4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aL
ˆ˜R
a1,a2,a3,a4
Πbosonic,anti−brane,p−4i2(p−N+1)
+4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aL
ˆ¯R
a1,a2,a3,a4
Πfermionic,anti−brane,p−4i2(p−N+1)+1
−4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aLR˜
a1,a2,a3,a4 ×
∂a5(σ
p−1Πbosonic,brane,p−4i2(p−N))
−4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aLR¯
a1,a2,a3,a4 ×
∂a5(σ
p−1Πfermionic,brane,p−4i2(p−N)+1)
−4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aL
ˆ˜R
a1,a2,a3,a4 ×
∂a5(σ
p−1Πbosonic,anti−brane,p−4i2(p−N+1))
+4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aL
ˆ¯R
a1,a2,a3,a4 ×
∂a5(σ
p−1Πfermionic,anti−brane,p−4i2(p−N+1)+1)
−L1bosonic,brane,p−4 − L1fermionic,brane,p−4
−L1bosonic,anti−brane,p−4 − L1fermionic,anti−brane,p−4 (45)
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Here, we have applied in the second step integrated by parts. We can use the constraint
(∂a5(σ
p−1Πbosonic/fermionic,brane/anti−brane,p−4i2(p−N))/i2(p−N+1)+1) = 0) and derive the momentum densities:
Πbosonic,brane,p−4 =
i2(p−N)kbosonic,brane,p−4
σp−1
Πfermionic,brane,p−4 = − i
2(p−N)+1kfermionic,brane,p−4
σp−1
Πbosonic,anti−brane,p−4 =
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1
Πfermionic,anti−brane,p−4 = − i
2(p−N+1)+1kfermionic,anti−brane,p−4
σp−1
(46)
Substituting momentum densities of equation (46) in equation (45), we can obtain the Hamiltonian as:
H1p−4 ≈ 4pi
∫
dσσp−1
(
[
1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈∂a6 ..∂aLR˜a1,a2,a3,a4 , ∂a6 ..∂aLR˜a1,a2,a3,a4〉+ ...]1/2 ×√
1 + (
i2(p−N)kbosonic,brane,p−4
σp−1
)2 +
[−1
2
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈∂a6 ..∂aL−1R¯a1,a2,a3,a4 , ∂a6 ..∂aLR¯a1,a2,a3,a4〉+ ...]1/2 ×√
1 + (− i
2(p−N)+1kfermionic,brane,p−4
σp−1
)2 +
[
1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈∂a6 ..∂aL ˆ˜R
a1,a2,a3,a4
, ∂a6 ..∂aL
ˆ˜R
a1,a2,a3,a4〉+ ...]1/2 ×√
1 + (
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1
)2 +
[−1
2
i2(p−N+1)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈∂a6 ..∂aL−1 ˆ¯R
a1,a2,a3,a4
, ∂a6 ..∂aL
ˆ¯R
a1,a2,a3,a4〉+ ..]1/2 ×√
1 + (− i
2(p−N+1)+1kfermionic,anti−brane,p−4
σp−1
)2
)
(47)
We apply the previous method again and calculate momentum densitis for curvature of order p-5:
Πbosonic,brane,p−5 ≈
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N (X
j1 ..XjH )2∂a6 ..∂aLR˜
a1,a2,a3,a4
H1p−4
(48)
Πfermionic,brane,p−5 ≈
−i2(p−N)+1ΣNL=0ΣN−LH=0 Σpa1..aL=0ΣMj1..jH=p+1 λ
2
1.2...N (X
j1 ..XjH )2∂a6 ..∂aLR¯
a1,a2,a3,a4
H1p−4
(49)
Πbosonic,anti−brane,p−5 ≈
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N (X
j1 ..XjH )2∂a6 ..∂aL
¯˜R
a1,a2,a3,a4
H1p−4
(50)
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Πfermionic,anti−brane,p−5 ≈
−i2(p−N+1)+1ΣNL=0ΣN−LH=0 Σpa1..aL=0ΣMj1..jH=p+1 λ
2
1.2...N (X
j1 ..XjH )2∂a6 ..∂aL
ˆ¯R
a1,a2,a3,a4
H1p−4
(51)
We substitute derivatives of order p-5 instead of these momentums and get the Hamiltonian as follows:
H1p−5 ≈ 4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aLR˜
a1,a2,a3,a4Πbosonic,brane,p−5i2(p−N) ×√
1 + (
i2(p−N)kbosonic,brane,p−4
σp−1
)2
−4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aLR¯
a1,a2,a3,a4Πfermionic,brane,p−5i2(p−N)+1 ×√
1 + (
i2(p−N)+1kfermionic,brane,p−4
σp−1
)2
+4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aL
ˆ˜R
a1,a2,a3,a4
Πbosonic,anti−brane,p−5i2(p−N+1) ×√
1 + (
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1
)2
+4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a5 ..∂aL
ˆ¯R
a1,a2,a3,a4
Πfermionic,anti−brane,p−5i2(p−N+1)+1 ×√
1 + (
i2(p−N+1)+1kfermionic,anti−brane,p−4
σp−1
)2
−4pi
∫
dσσp−1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aLR˜
a1,a2,a3,a4 ×
∂a6(
√
1 + (
i2(p−N)kbosonic,brane,p−4
σp−1
)2σp−1Πbosonic,brane,p−5i2(p−N))
−4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aLR¯
a1,a2,a3,a4 ×
∂a6(
√
1 + (
i2(p−N)+1kfermionic,brane,p−4
σp−1
)2σp−1Πfermionic,brane,p−5i2(p−N)+1)
−4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aL
ˆ˜R
a1,a2,a3,a4 ×
∂a6(
√
1 + (
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1
)2σp−1Πbosonic,anti−brane,p−5i2(p−N+1))
+4pi
∫
dσΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2∂a6 ..∂aL
ˆ¯R
a1,a2,a3,a4 ×
∂a6(
√
1 + (
i2(p−N+1)+1kfermionic,anti−brane,p−4
σp−1
)2σp−1Πfermionic,anti−brane,p−5i2(p−N+1)+1)
−L1bosonic,brane,p−4 − L1fermionic,brane,p−4
−L1bosonic,anti−brane,p−4 − L1fermionic,anti−brane,p−4 (52)
Similar to previous stage, we impose the constraints (∂a6(
√
1 + ( i
.....k
σp−1 )
2σp−1Πi..) = 0) and derive the below momen-
tums:
Πbosonic,brane,p−5 =
i2(p−N)kbosonic,brane,p−5
σp−1
√
1 + (
i2(p−N)kbosonic,brane,p−4
σp−1 )
2
Πfermionic,brane,p−4 = − i
2(p−N)+1kfermionic,brane,p−4
σp−1
√
1 + (
i2(p−N)+1kfermionic,brane,p−4
σp−1 )
2
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Πbosonic,anti−brane,p−5 =
i2(p−N+1)kbosonic,anti−brane,p−5
σp−1
√
1 + (
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1 )
2
Πfermionic,anti−brane,p−5 = − i
2(p−N+1)+1kfermionic,anti−brane,p−5
σp−1
√
1 + (
i2(p−N+1)+1kfermionic,anti−brane,p−4
σp−1 )
2
(53)
Substituting these momentums in Hamiltonian (52), we obtain the below Hamiltonian:
H1p−4 ≈ 4pi
∫
dσσp−1
(
[
1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈∂a7 ..∂aLR˜a1,a2,a3,a4 , ∂a7 ..∂aLR˜a1,a2,a3,a4〉+ ...]1/2 ×√√√√1 + ( i2(p−N)kbosonic,brane,p−5
σp−1
√
1 + (
i2(p−N)kbosonic,brane,p−4
σp−1 )
2
)2 +
[−1
2
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈∂a7 ..∂aL−1R¯a1,a2,a3,a4 , ∂a7 ..∂aLR¯a1,a2,a3,a4〉+ ...]1/2 ×√√√√1 + (− i2(p−N)+1kfermionic,brane,p−5
σp−1
√
1 + (− i2(p−N)+1kfermionic,brane,p−4σp−1 )2
)2 +
[
1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
(Xj1 ..XjH )2〈∂a6 ..∂aL ˆ˜R
a1,a2,a3,a4
, ∂a6 ..∂aL
ˆ˜R
a1,a2,a3,a4〉+ ...]1/2 ×√√√√1 + ( i2(p−N+1)kbosonic,anti−brane,p−5
σp−1
√
1 + (
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1 )
2
)2 +
[−1
2
i2(p−N+1)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉 −
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1
λ2
1.2...N
γaL−1(Xj1 ..XjH )2〈∂a6 ..∂aL−1 ˆ¯R
a1,a2,a3,a4
, ∂a6 ..∂aL
ˆ¯R
a1,a2,a3,a4〉+ ..]1/2 ×√√√√1 + (− i2(p−N+1)+1kfermionic,anti−brane,p−5
σp−1
√
1 + (− i2(p−N+1)+1kfermionic,anti−brane,p−4σp−1 )2
)2
)
(54)
After doing some algebra, we can replace all derivatives respect to curvatures by function (F) and obtain the
Hamiltonian as follows:
H1tot ≈ 4pi
∫
dσσp−1
(
[
1
2
i2(p−N)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+ ...]1/2 ×
Fbosonic,brane,tot +
[−1
2
i2(p−N)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉+ ...]1/2 ×
Ffermionic,brane,tot +
[
1
2
i2(p−N+1)ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2〈∂a1 ..∂aLXi, ∂a1 ..∂aLXi〉+ ...]1/2 ×
Fbosonic,anti−brane,tot +
[−1
2
i2(p−N+1)+1ΣNL=0Σ
N−L
H=0 Σ
p
a1..aL=0
ΣMj1..jH=p+1(X
j1 ..XjH−1)2γaL−1〈∂a1 ..∂aL−1ψi, ∂a1 ..∂aLψi〉+ ..]1/2 ×
Ffermionic,anti−brane,tot
)
(55)
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where functions of F are defined as follows:
Fbosonic,brane,tot =
√√√√√√√√
1 + (
i2(p−N)kbosonic,brane,1
σp−1
√√√√√1 + ( i2(p−N)kbosonic,brane,2σp−1√√√√√1+( i2(p−N)kbosonic,brane,3
σp−1...
√
1+(
i2(p−N)kbosonic,brane,p−4
σp−1 )
2
)2
)2
)2
Ffermionic,brane,tot =
√√√√√√√√
1 + (
i2(p−N)+1kfermionic,brane,1
σp−1
√√√√√1 + ( i2(p−N)+1kfermionic,brane,2σp−1√√√√√1+( i2(p−N)+1kfermionic,brane,3
σp−1...
√
1+(
i2(p−N)+1kfermionic,brane,p−4
σp−1 )
2
)2
)2
)2
Fbosonic,anti−brane,tot =
√√√√√√√√
1 + (
i2(p−N+1)kbosonic,anti−brane,1
σp−1
√√√√√1 + ( i2(p−N+1)kbosonic,anti−brane,2σp−1√√√√√1+( i2(p−N+1)kbosonic,anti−brane,3
σp−1...
√
1+(
i2(p−N+1)kbosonic,anti−brane,p−4
σp−1 )
2
)2
)2
)2
Ffermionic,anti−brane,tot =
√√√√√√√√
1 + (
i2(p−N+1)+1kfermionic,anti−brane,1
σp−1
√√√√√1 + ( i2(p−N+1)+1kfermionic,anti−brane,2σp−1√√√√√1+( i2(p−N+1)+1kfermionic,anti−brane,3
σp−1...
√
1+(
i2(p−N+1)+1kfermionic,anti−brane,p−4
σp−1 )
2
)2
)2
)2 (56)
These Hamiltonians are very similar to the Hamiltonians of BIon in [11–13, 26]. Obviously, curvatures of bosonic
gravitons and fermionic gravitinoes create two types of wormhole which their signatures and couplings arenot the
same. The sign of Hamiltonians of wormholes which are produced by bosonic gravitons and fermionic gravitinoes
on anti-branes is different. This means that the potential energy of one brane which is negative, produces attractive
force and the potential energy of another brane which is positive produces the repulsive force. Thus, physics of branes
is different from the one of anti-branes. Now, for simplicity, we assume x0 = it, x1,2,3 = σ, X0 = t,X1 = z+ + iz−,
Xi = 0, i 6= 0, 1, ψ0 = t, ψ1 = y+ + iy−, ψi = 0, i 6= 0, 1, i2(p−N) = 1 and γaL−1 = i2(N−L−1)−1 where indices ± refer
to the fields on brane and anti-branes respectively. Also, σ is the separation distance between two ends of one brane,
z and y denote the lengths of bosonic and fermionic wormholes between branes and their nth derivatives are shown
by zn(
′), yn(
′). Using these assumption in equation (55), we re-obtain Hamiltonian of the system of branes-anti-branes
as:
H1tot ≈ 4pi
∫
dσσp−1
(
[1 + ΣN−1n=1 (z
(N−n−1)
+ z
n(′)
+ )
2]1/2Fbosonic,brane,tot +
[−1 + ΣN−1n=1 (−iz+)2(N−n−1)yn+yn(
′)
+ ]
1/2Ffermionic,brane,tot +
[−1 + i2N−2ΣN−1n=1 (z(N−n−1)− zn(
′)
− )
2]1/2Fbosonic,anti−brane,tot +
[1 + i2N−2ΣN−1n=1 (−iz−)2(N−n−1)yn−yn(
′)
− ]
1/2Ffermionic,anti−brane,tot
)
(57)
Now, we can calculate the equation of motion for z and y:
(
ΣN−1n=1 (−1)n(z(N−n−1)+ )2z(n)(
′)
+ z
(n−1)(′)
+
σp−1Fbosonic,brane,tot
[1 + ΣN−1n=1 (z
(N−n−1)
+ z
n(′)
+ )
2]1/2
)′
=
(
ΣN−1n=1 (z
n(′)
+ )
2z
2(N−n−1)−1
+
σp−1Fbosonic,brane,tot
[1 + ΣN−1n=1 (z
(N−n−1)
+ z
n(′)
+ )
2]1/2
)
(58)
(
ΣN−1n=1 (−1)n(−iz+)2(N−n−1)yn+y(n−1)(
′)
+
σp−1Ffermionic,brane,tot
[−1 + ΣN−1n=1 (−iz+)2(N−n−1)yn+yn(
′)
+ ]
1/2
)′
=
(
ΣN−1n=1 (−iz+)2(N−n−1)yn−1+ yn(
′)
+
σp−1Ffermionic,brane,tot
[−1 + ΣN−1n=1 (−iz+)2(N−n−1)yn+yn(
′)
+ ]
1/2
)
(59)
16
(
ΣN−1n=1 i
2N−2(−1)n(z(N−n−1)− )2z(n)(
′)
− z
(n−1)(′)
−
σp−1Fbosonic,anti−brane,tot
[−1 + i2N−2ΣN−1n=1 (z(N−n−1)− zn(
′)
− )2]1/2
)′
=
(
ΣN−1n=1 i
2N−2(zn(
′)
− )
2z
2(N−n−1)−1
+
σp−1Fbosonic,anti−brane,tot
[−1 + i2N−2ΣN−1n=1 (z(N−n−1)− zn(
′)
− )2]1/2
)
(60)
(
ΣN−1n=1 i
2N−2(−1)n(−iz−)2(N−n−1)yn−y(n−1)(
′)
−
σp−1Ffermionic,anti−brane,tot
[1 + i2N−2ΣN−1n=1 (−iz−)2(N−n−1)yn−yn(
′)
− ]1/2
)′
=
(
ΣN−1n=1 i
2N−2(−iz−)2(N−n−1)yn−1− yn(
′)
−
σp−1Ffermionic,anti−brane,tot
[1 + i2N−2ΣN−1n=1 (−iz−)2(N−n−1)yn−yn(
′)
− ]1/2
)
(61)
Solving these equations, we obtain:
z+ = z+,0Σ
N−1
n=0 e
− ∫ dnσFbosonic,brane,tot(σ) 1
F
−n
bosonic,brane,tot
(σ0,bosonic,brane)−F−nbosonic,brane,tot(σ)
(
1 +∫
dnσF−1bosonic,brane,tot(σ)(F
−n
bosonic,brane,tot(σ0,bosonic,brane)− F−nbosonic,brane,tot(σ)) sin(nσ)
)
(62)
y+ = y+,0Σ
N−1
n=0 e
− ∫ dnσF−1fermionic,brane,tot(σ) 1Fn
fermionic,brane,tot
(σ)−Fn
fermionic,brane,tot
(σ0,fermionic,brane)
(
1 +∫
dnσFfermionic,brane,tot(σ)(F
n
fermionic,brane,tot(σ)− Fnfermionic,brane,tot(σ0,fermionic,brane)) cos(nσ)
)
(63)
z− = z−,0ΣN−1n=0 e
− ∫ dnσFbosonic,anti−brane,tot(σ) 1
F
−n
bosonic,anti−brane,tot(σ)−F
−n
bosonic,anti−brane,tot(σ0,bosonic,anti−brane)
(
1 +∫
dnσF−1bosonic,anti−brane,tot(σ)(F
−n
bosonic,anti−brane,tot(σ)− F−nbosonic,anti−brane,tot(σ0,bosonic,anti−brane)) sin(nσ)
)
(64)
y− = y−,0ΣN−1n=0 e
− ∫ dnσF−1fermionic,anti−brane,tot(σ) 1Fn
fermionic,anti−brane,tot(σ0,fermionic,anti−brane)−F
n
bosonic,anti−brane,tot(σ)
(
1 +∫
dnσFfermionic,anti−brane,tot(σ)(Fnfermionic,anti−brane,tot(σ0,fermionic,anti−brane)− Fnfermionic,anti−brane,tot(σ)) cos(nσ)
)
(65)
where σ0 is throat of wormhole. To build universe in BIon, we assume that (σ) is the separation distance between
ends of one brane. Thus, these solutions show that for contacting point ( σ = 0), the length of gravitonic wormholes
is zero. By increasing the separation distance between ends of brane (σ), this length increases, turns over a maximum
and tends to zero at throat σ0. Then, one new bosonic wormhole is produced, it’s length grows with increasing σ and
tends to infinity at σ =∞. On the other hand, the length of fermionic wormholes is ∞ at contracting point ( σ = 0
) and tends to zero at throat σ0. Then one new fermionic wormhole is born, it’s length increases with increasing σ,
turns over a maximum and tends to zero when the separation distance between two ends of one brane is ∞. Thus,
fermionic and bosonic wormholes prevent from closing and getting away of ends of branes from each other and lead
to the oscillation.
Applying equations (62,63,64,65) in equation (57), we calculate the potential for this system:
Htot ≈ Vtot = Vbosonic,brane,tot + Vfermionic,brane,tot + Vbosonic,anti−brane,tot + Vfermionic,anti−brane,tot
Vbosonic,brane,tot ≈ 4pi
∫
dσ
((
ΣN−1n′=1[z+,0Σ
N−1
n=0 e
− ∫ dnσFbosonic,brane,tot(σ) 1
F
−n
bosonic,brane,tot
(σ0,bosonic,brane)−F−nbosonic,brane,tot(σ)
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1 +
∫
dnσF−1bosonic,brane,tot(σ)(F
−n
bosonic,brane,tot(σ0,bosonic,brane)− F−nbosonic,brane,tot(σ)) sin(nσ)
)
]2N−2n
′−2 ×
[F−1bosonic,brane,tot(σ)(F
−n
bosonic,brane,tot(σ0,bosonic,brane)− F−nbosonic,brane,tot(σ)) sin(nσ)×
e
− ∫ dnσFbosonic,brane,tot(σ) 1
F
−n
bosonic,brane,tot
(σ0,bosonic,brane)−F−nbosonic,brane,tot(σ) +
e
− ∫ dnσFbosonic,brane,tot(σ) 1
F
−n
bosonic,brane,tot
(σ0,bosonic,brane)−F−nbosonic,brane,tot(σ) ×
(Fbosonic,brane,tot(σ)
1
F−nbosonic,brane,tot(σ0,bosonic,brane)− F−nbosonic,brane,tot(σ)
)]2Fbosonic,brane,tot(σ)
))
Vfermionic,brane,tot ≈ 4pi
∫
dσ
((
ΣN−1n′=1[z+,0Σ
N−1
n=0 e
− ∫ dnσFbosonic,brane,tot(σ) 1
F
−n
bosonic,brane,tot
(σ0,bosonic,brane)−F−nbosonic,brane,tot(σ)(
1 +
∫
dnσF−1bosonic,brane,tot(σ)(F
−n
bosonic,brane,tot(σ0,bosonic,brane)− F−nbosonic,brane,tot(σ)) sin(nσ)
)
]2N−2n
′−2 ×
[y+,0Σ
N−1
n=0 e
− ∫ dnσF−1fermionic,brane,tot(σ) 1Fn
fermionic,brane,tot
(σ)−Fn
fermionic,brane,tot
(σ0,fermionic,brane)
(
1 +∫
dnσFfermionic,brane,tot(σ)(F
n
fermionic,brane,tot(σ)− Fnfermionic,brane,tot(σ0,fermionic,brane)) cos(nσ)
)
]n
′ ×
[y+,0Σ
N−1
n=0 (e
− ∫ dnσF−1fermionic,brane,tot(σ) 1Fn
fermionic,brane,tot
(σ)−Fn
fermionic,brane,tot
(σ0,fermionic,brane) ×
Ffermionic,brane,tot(σ)(F
n
fermionic,brane,tot(σ)− Fnfermionic,brane,tot(σ0,fermionic,brane)) cos(nσ)) +(
e
− ∫ dnσF−1fermionic,brane,tot(σ) 1Fn
fermionic,brane,tot
(σ)−Fn
fermionic,brane,tot
(σ0,fermionic,brane) ×
F−1fermionic,brane,tot(σ)
1
Fnfermionic,brane,tot(σ)− Fnfermionic,brane,tot(σ0,fermionic,brane)
)
)
]Ffermionic,brane,tot
))
Vbosonic,anti−brane,tot
≈ 4pi
∫
dσ
((
ΣN−1n′=1[z−,0Σ
N−1
n=0 e
− ∫ dnσFbosonic,anti−brane,tot(σ) 1
F
−n
bosonic,anti−brane,tot(σ)−F
−n
bosonic,brane,tot
(σ0,anti−bosonic,brane)(
1 +
∫
dnσF−1bosonic,anti−brane,tot(σ)(F
−n
bosonic,anti−brane,tot(σ)− F−nbosonic,brane,tot(σ0,anti−bosonic,brane)) sin(nσ)
)
]2N−2n
′−2 ×
[F−1bosonic,anti−brane,tot(σ)(F
−n
bosonic,anti−brane,tot(σ)− F−nbosonic,anti−brane,tot(σ0,anti−bosonic,brane)) sin(nσ)×
e
− ∫ dnσFbosonic,anti−brane,tot(σ) 1
F
−n
bosonic,anti−brane,tot(σ)−F
−n
bosonic,anti−brane,tot(σ0,anti−bosonic,brane) +
e
− ∫ dnσFbosonic,anti−brane,tot(σ) 1
F
−n
bosonic,anti−brane,tot(σ)−F
−n
bosonic,anti−brane,tot(σ0,anti−bosonic,brane) ×
(Fbosonic,anti−brane,tot(σ)
1
F−nbosonic,anti−brane,tot(σ)− F−nbosonic,anti−brane,tot(σ0,anti−bosonic,brane)
)]2 ×
Fbosonic,anti−brane,tot(σ)
))
Vfermionic,anti−brane,tot ≈
4pi
∫
dσ
((
ΣN−1n′=1[z−,0Σ
N−1
n=0 e
− ∫ dnσFbosonic,anti−brane,tot(σ) 1
F
−n
bosonic,anti−brane,tot(σ)−F
−n
bosonic,anti−brane,tot(σ0,bosonic,anti−brane)(
1 +
∫
dnσF−1bosonic,anti−brane,tot(σ)(F
−n
bosonic,anti−brane,tot(σ)− F−nbosonic,anti−brane,tot(σ0,bosonic,anti−brane))×
sin(nσ)
)
]2N−2n
′−2[y−,0ΣN−1n=0 ×
e
− ∫ dnσF−1fermionic,anti−brane,tot(σ) 1Fn
fermionic,anti−brane,tot(σ0,fermionic,anti−brane)−F
n
fermionic,anti−brane,tot(σ)
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1 +
∫
dnσFfermionic,anti−brane,tot(σ)(Fnfermionic,anti−brane,tot(σ0,fermionic,anti−brane)−
Fnfermionic,anti−anti−brane,tot(σ)) cos(nσ)
)
]n
′ ×
[y−,0ΣN−1n=0 (e
− ∫ dnσF−1fermionic,anti−brane,tot(σ) 1Fn
fermionic,anti−brane,tot(σ0,fermionic,anti−brane)−F
n
fermionic,anti−brane,tot(σ) ×
Ffermionic,anti−brane,tot(σ)(Fnfermionic,anti−brane,tot(σ0,fermionic,anti−brane)− Fnfermionic,anti−brane,tot(σ)) cos(nσ)) +(
e
− ∫ dnσF−1fermionic,anti−brane,tot(σ) 1Fn
fermionic,anti−brane,tot(σ0,fermionic,anti−brane)−F
n
fermionic,anti−brane,tot(σ) ×
F−1fermionic,anti−brane,tot(σ)
1
Fnfermionic,anti−brane,tot(σ0,fermionic,anti−brane)− Fnfermionic,anti−brane,tot(σ)
)
)
]×
Ffermionic,anti−brane,tot
))
(66)
For simplicity, we suppose that σ0,bosonic,brane = σ0,bosonic,anti−brane and σ0fermionic,brane = σ0,fermionic,anti−brane
and calculate the potentials and their relative forces between particles and anti-particles approximately:
Vtot = Vbosonic,brane+anti−brane,tot + Vfermionic,brane+anti−brane,tot
Vbosonic,brane+anti−brane,tot ≈ 1− ΣP−1m=1ΣN−1n=1 [kbosonic,brane, − kbosonic,anti−brane]mσm
(
σnm0,bosonic,brane − σnm
)
For σ  σ0,bosonic,brane Fbosonic ≈ ΣP−1m=1ΣN−1n=1 [kbosonic,brane, − kbosonic,anti−brane]mmσm−1σnm0,bosonic,brane
For σ  σ0,bosonic,brane Fbosonic ≈ −ΣP−1m=1ΣN−1n=1 [kbosonic,brane, − kbosonic,anti−brane]mn(m+ 1)σmσnm−1
Vfermionic,brane+anti−brane,tot ≈ ΣP−1m=1ΣN−1n=1 [kfermionic,brane, − kfermionic,anti−brane]m
1
σm
(
σ−nm − σ−nm0,fermionic,brane
)
For σ  σ0,fermionic,brane Ffermionic ≈ ΣP−1m=1ΣN−1n=1 [kfermionic,brane, − kfermionic,anti−brane]m
m+ nm
σm+nm+1
For σ  σ0,fermionic,brane Ffermionic ≈ −ΣP−1m=1ΣN−1n=1 [kfermionic,brane, − kfermionic,anti−brane]m
m+ 1
σm+1σnm0,fermionic,brane
(67)
These results show that when two ends of one brane are completely close to each other at contracting point( σ = 0),
the potential of gravitonic wormholes is zero. By growing the separation distance between ends of branes and it’s
expansion, bosonic wormhole creates a repulsive potential and anti-gravity force which first increases, turns over
a maximum and then reduces to zero at σ0,bosonic,brane. After this distance, bosonic potential becomes attractive,
gravity is born and prevents from getting away of ends of one brane. On the other hand, the gravitino creates a
wormhole which leads to production of repulsive potential and anti-gravity for small separation distance between ends
of one brane. This potential is ∞ at contracting point ( σ = 0) and causes that two ends of one brane get away
from each other fastly. By growing the separation distance between these ends, repulsive gravity decreases and tends
to zero at σ0,fermionic,brane. Then, the sign of potential changes and anti-gravity converts to gravity. This gravity
increases, turns over a maximum and tends to zero when separation distance between two ends of one brane is ∞.
To study the evolution of universe in G-theory, we introduce two four dimensional universes that interact with
each other via two bosonic and fermionic wormholes and build a BIonic system. In this model, our universe is placed
on one Gp-brane and connected by another universe on the anti-Gp-brane by two fermionic and bosonic wormholes.
With respect to the FRW metric,
ds2FRW = −dt2 + a(t)2(dx2 + dy2 + dz2), (68)
we can calculate the energy density and momentum for one flat universe[11, 24, 25, 27]:
ρuni = 3H
2,
puni = H
2 + 2
a¨
a
(69)
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Where H = a˙a is the Hubble parameter and a is the scale factor. The metric of two bosonic and fermionic wormholes
are given by [27]:
ds2wormhole,boson = −dt2 +
Q2boson(t)
1− b(r) dr
2 +Q2boson(t)r
2dφ2
ds2wormhole,fermion = −dt2 +
Q2fermion(t)
1− b(r) dr
2 +Q2fermion(t)r
2dφ2 (70)
where for b(r) Q2(t) , we obtain the energy density and momentum as:
ρwormhole,boson =
M(M − 1)Q˙2boson
2Q2boson
pwormhole,fermion = − (M − 2)(M − 1)Q˙
2
boson
2Q2boson
− (M − 1)Q¨boson
Qboson
ρwormhole,boson =
M(M − 1)Q˙2fermion
2Q2fermion
pwormhole,fermion = −
(M − 2)(M − 1)Q˙2fermion
2Q2fermion
− (M − 1)Q¨fermion
Qfermion
(71)
where M is number of dimensions. According to conversation law, the energy density of two universes in additional
to two bosonic and fermionic wormholes should be equal to energy density of BIon. We can write:
ρBIon = ρuni1 + ρuni2 + ρwormhole,boson + ρwormhole,fermion
pBIon = puni1 + puni2 + pwormhole,boson + pwormhole,fermion (72)
By assuming, σ = t and σ0 = t0, where t0 is boundary time between contraction and expansion phase, the energy
density and momentum are given by:
ρBIon ≈ Vtot = Vbosonic,brane+anti−brane,tot + Vfermionic,brane+anti−brane,tot ≈
1− ΣP−1m=1ΣN−1n=1 [kbosonic,brane, − kbosonic,anti−brane]mtm
(
tnm0,bosonic,brane − tnm
)
+
ΣP−1m=1Σ
N−1
n=1 [kfermionic,brane, − kfermionic,anti−brane]m
1
tm
(
t−nm − t−nm0,fermionic,brane
)
pBIon =
∫
dtF = −
∫
dt
∂Vtot
∂σ
= −
∫
dt
∂Vtot
∂t
≈ −Vtot ≈ −ρBIon (73)
Using equations (69,71,72 and 74) and also assuming (Q¨ Q) and M=4, we can obtain the scale factor of universe
and parameters of wormholes in terms of time:
a(t) ≈ a0e
−1+ 12ΣP−1m=1ΣN−1n=1 [kbosonic,brane,−kbosonic,anti−brane]mtm
(
tnm0,bosonic,brane−tnm
)
×
e
− 12ΣP−1m=1ΣN−1n=1 [kfermionic,brane,−kfermionic,anti−brane]m 1tm
(
t−nm−t−nm0,fermionic,brane
)
Qboson ≈ e
− 12ΣP−1m=1ΣN−1n=1 [kbosonic,brane,−kbosonic,anti−brane]mtm
(
tnm0,bosonic,brane−tnm
)
×
[
1
2
ΣP−1m=1Σ
N−1
n=1 [kbosonic,brane, − kbosonic,anti−brane]mtm
(
tnm0,bosonic,brane − tnm
)
]2
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Qfermion ≈ e
1
2Σ
P−1
m=1Σ
N−1
n=1 [kfermionic,brane,−kfermionic,anti−brane]m 1tm
(
t−nm−t−nm0,fermionic,brane
)
×
[
1
2
ΣP−1m=1Σ
N−1
n=1 [kfermionic,brane, − kfermionic,anti−brane]m
1
tm
(
t−nm − t−nm0,fermionic,brane
)
]2 (74)
where a0 is the scale factor of universe between contaction and expansion phases and is the maximal length of
universe. These equations show that scale factor of universe is zero at (t = 0) which is a maximal of contraction
branch. Then, it grows by passing time and tends to a = a0 at t = ts (end of expansion phase) and after this
point, shrinks to zero at t =∞ (end of contraction epoch). These evolutions are controlled by bosonic and fermionic
wormholes. At maximal contacting point (t=0), the parameter of fermionic wormhole is infinite and this wormhole
produces a repulsive gravity which leads to opening universe, ending contraction era and starting expansion branch.
During expansion phase, the parameter of bosonic wormhole grows and tend to infinity. This wormhole creates an
attractive gravity which leads to contracting universe and end of expansion phase. Thus, in G-theory, all universes,
wormholes and fields are emerged from nothing and Big Bang puzzle can be resolved completely.
IV. HORAVA-WITTEN MECHANISM IN G-THEORY
In this section, we will show that CGG terms which is applied for removing the anomaly in Horawa-Witten mech-
anism [28, 29] can be riginated from higher dimensions. Also, the physics of D-dimensional manifold + Lie-N-
algebra=the physics of D+N-dimensional manifold. For example, the physics of 11-dimensional manifold in Horava-
Witten mechanism [28, 29] + Lie-three-algebra= the physics of 14-dimensional manifold [30]. For this, we will argue
that by adding one three dimensional manifold to 11-dimensional manifold in supergravity, GG terms in the action
make a transition to CGG terms. In fact, 11-dimensional anomalies may be removed in 14-dimensions completely.
First, we begin with the bosonic terms in the eleven dimensional supergravity model [28, 29]:
SBosonic−SUGRA =
1
κ¯2
∫
d11x
√
g
(
− 1
2
R− 1
48
GIJKLG
IJKL
)
+ SCKK
SCGG = −
√
2
3456κ¯2
∫
M11
d11xεI1I2...I11CI1I2I3GI4...I7GI8...I11 (75)
where, GIJKL and CI1I2I3 are corresponded to the gauge field A and field strength F [29]:
GIJKL = − 3√
2
κ2
λ2
ε(x11)FIJFKL + ...
δCABC = − κ
2
6
√
2λ2
δ(x11)trFAB
G11ABC = ∂11CABC + ....
F IJ = ∂IA
J − ∂JAI = IJ∂IAJ (76)
Here, ε(x11) is 1 for x11 > 0 and 1 for x11 < 0 and also δ(x11) = ∂ε∂x11 . The gauge variation of the CGG-action,
yields the following equation [29]:
δSCGG|11 = −
√
2
3456κ¯2
∫
M11
d11xεI1I2...I11δCI1I2I3GI4...I7GI8...I11 =
− κ¯
4
128λ6
∫
M10
I1I2..I10FI1I2FI3I4FI5I6FI7I8FI9I10 (77)
Above terms cancel the anomaly of (SBosonic−SUGRA) in eleven dimensional manifold [29]:
δSCGG|11 = −δSBosonic−SUGRA = −SanomalyBosonic−SUGRA (78)
Thus, to achieve to the anomaly-free supergravity in eleven dimensions, we need to CGG terms. Now, we response
to this question that what is the origin of these extra terms. In fact, we are investigating a theory that CGG terms
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are emerged in the action of supergravity without adding any by hand. To this end, we will use of higher dimensional
supergravity theories. Also, we select a unified shape for all fields by applying Nambu-Poisson brackets and properties
of string fields (X). We obtain [8, 30]:
XIi = yIi +AIi
{XIi , XIj} = ΣIi,Ij IiIj
∂XIi
∂yIj
∂XIj
∂yIj
=
ΣIi,Ij 
IiIj∂IiA
Ij = F IiIj (79)
Extending two dimensional brackets to four, we can derive the form of GG-terms in supergravity in terms of scalar
strings (X):
GIJKL = {XI , XJ , XK , XL} = ΣIJKLIJKL ∂X
I
∂yI
∂XJ
∂yJ
∂XK
∂yK
∂XL
∂yL
⇒
∫
d11x
√
g
(
GIJKLG
IJKL
)
=∫
d11x
√
g
(
ΣIJKL
IJKL ∂X
I
∂yI
∂XJ
∂yJ
∂XK
∂yK
∂XL
∂yL
ΣIJKL
IJKL ∂X
I
∂yI
∂XJ
∂yJ
∂XK
∂yK
∂XL
∂yL
)
(80)
Above equation provides us this opportunity to use of more degrees of freedom and extract the CGG terms from GG-
terms in supergravity. To this aime, we will add a three dimensional manifold to the eleven dimensional supergravity
by applying the properties of scalar strings (X) in Nambu-Poisson brackets [30]:
XI = yI +AI ⇒
∂XI5
∂yI5
≈ δ(yI5) + .. ∂X
I6
∂yI6
≈ δ(yI6) + .. ∂X
I7
∂yI7
≈ δ(yI7) + ...
∫
MN=3
→
∫
yI5+yI6+yI7
∂XI5
∂yI5
∂XI6
∂yI6
∂XI7
∂yI7
= 1 + .. (81)
By adding three dimensional manifold of equation (81) to the eleven dimensional manifold of equation (80), we
obtain:
∫
MN=3
×
∫
M11
√
g
(
GI1I2I3I4G
I1I2I3I4
)
=∫
M11+yI5+yI6+yI7
√
gI4I5I4I6I5I7I6I7GI1I2I3I4GI1I2I3I4
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
=∫
M11+MN=3
√
gCGG
⇒ CI5I6I7 = ΣI5I6I7I5I6I7
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
(82)
This equation provides three main results : 1. CGG terms can be emerged in the action of supergravity by adding
a three dimensional manifold to eleven dimensinal supergravity. 2. 11-dimensional manifol + three-Lie-algebra=14-
dimensional supergravity. 3. The form of C-terms is now clear in terms of string fields (Xi).
To test the correctness of model we should re-derive the gauge variation of the CGG-action in equation (77) in
terms of fields strenths . For this reason, using equation (81 and 82), we can calculate the gauge variation of C [30]:
XI = yI +AI ⇒ ∂δAX
I
∂yI
= δ(yI)
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⇒
∫
MN=3+M11
δACI5I6I7 =
∫
MN=3+M11
ΣI5I6I7
I5I6I7δA(
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
) =∫
MN=3+M10
ΣI5I6
I5I6(
∂XI5
∂yI5
∂XI6
∂yI6
) =∫
MN=3+M10
F I5I6 (83)
Using above result and equation (80) we can obtain the gauge variation of the CGG action in equation of (82) [30]:
δ
∫
M11+MN=3
√
gCGG =
δ
∫
M11+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6I7(
∂XI5
∂yI5
∂XI6
∂yI6
∂XI7
∂yI7
)GI1I2I3I4GI′1I′2I′3I′4 =
δ
∫
M11+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6I7(
∂XI5
∂yI5
∂XI6
∂yI6
∂XI7
∂yI7
)×
(I1I2I3I4
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
∂XI4
∂yI4
)(I
′
1I
′
2I
′
3I
′
4
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
∂XI
′
4
∂yI
′
4
) =∫
M10+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6(
∂XI5
∂yI5
∂XI6
∂yI6
)×
(I1I2I3I4
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
∂XI4
∂yI4
)(I
′
1I
′
2I
′
3I
′
4
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
∂XI
′
4
∂yI
′
4
) =∫
M10+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7(I4I5
∂XI4
∂yI4
∂XI5
∂yI5
)(I
′
4I6
∂XI
′
4
∂yI4
∂XI6
∂yI6
)×
(I1I2
∂XI1
∂yI1
∂XI2
∂yI2
)(I
′
1I
′
2
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
)(I3I
′
3
∂XI3
∂yI3
∂XI
′
3
∂yI
′
3
) =∫
M10+MN=3
√
gF I1I2F I
′
1I
′
2F I
′
4I6F I4I5F I
′
3I3 (84)
The sign of these CGG -terms are reverse to the sign of usual CGG-terms in equation (77) and thus, remove their
effects and anomaly be removed completely. On the other hand, applying equations (80 and 83) we can rewrite the
gauge variation of the CGG action in equation of (82)[30]:
δ
∫
M11+MN=3
√
gCGG =
δ
∫
M11+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6I7(
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
)GI1I2I3I4GI′1I′2I′3I′4 =
δ
∫
M11+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6I7(
∂XI5
∂yI5
∂XI5
∂yI6
∂XI7
∂yI7
)×
(I1I2I3I4
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
∂XI4
∂yI4
)(I
′
1I
′
2I
′
3I
′
4
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
∂XI
′
4
∂yI
′
4
) =∫
M10+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7I5I6(
∂XI5
∂yI5
∂XI6
∂yI6
)×
(I1I2I3I4
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
∂XI4
∂yI4
)(I
′
1I
′
2I
′
3I
′
4
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
∂XI
′
4
∂yI
′
4
) =∫
M10+MN=3
√
gI1I2I3I4I
′
1I
′
2I
′
3I
′
4I5I6I7(I4I5
∂XI4
∂yI4
∂XI5
∂yI5
)(I
′
4I6
∂XI
′
4
∂yI4
∂XI6
∂yI6
)×
(I1I2I3
∂XI1
∂yI1
∂XI2
∂yI2
∂XI3
∂yI3
)(I
′
1I
′
2I
′
3
∂XI
′
1
∂yI
′
1
∂XI
′
2
∂yI
′
2
∂XI
′
3
∂yI
′
3
) =
23∫
M10+MN=3
√
gF 2F 2G3G3 (85)
This result explains that the main reason of anomaly is joining fields in the bulk (X) to fields on the manifold and
leading that their rank grows from 3 in Lie-3-algebra to 3 + 1 (G3 + X → G3+1). For example, in 11-dimensional
space-time with three algebra, extra fields in the bulk join to the fields on the manifold and leads that their rank grows
from three to four (G3 +X → G4). In fact, if we work on the relative actions and add manifold of algebra to manifold
of space-time, we can derive the real shape of fields and study their interactions. On the hand, an (11+3)dimensional
manifold has the same physics of an (11)-dimensional space-time manifold inadditional to (3)-dimensional algebric
manifold [30].
V. SUMMARY AND CONCLUSION
In this research, by extending algebra from three to N and number of time-spacial dimensions from 11 to M, we
propose a new theory which in it, all dimensions and branes are created from nothing. We name this theory as
G-theory. In this theory, first, there is nothing. Then, two types of degrees of freedoms with opposite signs are born
which create two types of energies with opposite sign such as the sum over them be zero. These energies are excited,
produce different dimensions and lead to the emergence of two types of branes with opposite quantum numbers.
On these branes, bosonic tensor fields live which their rank changes from zero to dimensions of brane and some of
them play the role of graviton. By compacting branes, fermionic superpartners of bosonic fields like the gravitino are
created and some dimensions take extra ”i” factor and play the role of time. Gravitons produce bosonic wormholes
which lead to the emergence of one attractive potential between particles which grows and tends to infinity during
contraction branch of branes. Thus, attractive force between particles leads to their closing, the end of expansion
epoch and starting contraction branch. Gravitinoes create fermionic wormholes which cause to the appearance of one
repulisive potential between particles during expansion branch. Consequently, the repulsive force between particles
leads to their getting away, the end of contraction epoch and begining expansion era.
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